Yellowstone Magmatic Evolution

The pattern that thus emerges from a study of common ele-
ments in the volcanic evolution previous to many well-studied
major pyroclastic eruptions indicates that a protracted crustal
maematic evolution must precede explosive volcanism on the
largest scales. Sustained energy transfer from the mantle to the
crust by the generation and rise of mafic magmas at a locus of
long-lived magmatism in the upper mantle can lead to the
formation of more silicic crustal magma chambers containing a
large magmatic volume (Hildreth, 1981). As such a large rhyo-
litic magma body accumulates at a relatively high level in the
crust, it is likely to undergo various differentiation processes
that reflect, at least in part, the accumulation of volatile con-
stituents near its roof (R. L. Smith, 1979; Hildreth, 1981). It
is probably this protracted chemical as well as physical evo-
lution that ultimately prepares such a magmatic system for a
great pyroclastic eruption.

CURRENT ACTIVITY OF THE YELLOWSTONE

SYSTEM

In light of the idea that a coherent pattern of volcanism and
tectonism might reveal the evolution of a magmatic system that
could lead to an episode of superexplosive volcanism, it is
illuminating to consider the recent and current state of the
Yellowstone Plateau volcanic field. Although no eruptive ac-
tivity has occurred in this region for about the past 70,000 yr,
the vigorously active hydrothermal system of Yellowstone re-
flects convective heat flow from a high-temperature crustal heat
source. Extensive chemical and isotopic studies of Yellow-
stone's hydrothermal features suggest the possible presence of
one or a few essentially uniform and continuous reservoirs of
hot water from which numerous distinct, shallower systems are
derived. The main groups of hot springs and geysers occur in
basins and represent the surficial discharge of hot water that
has circulated deeply along systems of fractures, including the
ring fractures of the Yellowstone caldera and tectonic fractures
that intersect the ring fractures more or less radially (Figure
6.7).

Total convective heat flow from the main hydrothermal areas
of the Yellowstone caldera has been estimated by Fournier et
al. (1976) by measuring the total discharge of streams flowing
from the area and equating the Cl~ concentrations in these
streams with the enthalpies of fluids in the deep hydrothermal
system. The thermal-power output of all the hydrothermal fea-
tures in the Yellowstone caldera is estimated to be about 5.3
x 109 watts. Because the area of the Yellowstone caldera is
about 2500 km2, its average convective thermal-energy flux is
about 1800 mW/m2, more than 30 times the mean global heat
flow.

The thermal energy transferred to the surface by the con-
vective hydrothermal system for at least the past 20,000 yr (and
probably much longer) requires more than just cooling of the
volcanic rocks of the Yellowstone Plateau. Clearly, magma has
existed until at least recently in the Yellowstone chamber; it
can reasonably be inferred to still be present (Eaton et al,
1975; Lehman et al, 1982; see also Chapter 7 of this volume).
The high thermal flux in the caldera represents the cooling of
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a body of rhyolitic magma at a depth of a few kilometers, at
least partial crystallization of that body, and circulation of me-
teoric waters to great depths in the caldera fractures to drive
hydrothermal convection.

A regional zone of seismicity extends eastward north of the
eastern Snake River Plain to the north rim of the Yellowstone
caldera (Figure 6.1). Near the caldera rim, earthquakes are
generally as deep as about 10 km, and the largest shocks have
magnitudes greater than 6; the seismic zone bends southeast-
ward and continues into the caldera, where earthquake activity
becomes more episodic and swarmlike, magnitudes are gen-
erally smaller, and maximum focal depths are generally less
than about 6 km (see Chapter 7 of this volume). South of the
caldera, earthquakes are less continuously distributed but con-
tinue regionally in a zone along the margin of the Middle
Rockies-Great Basin region (Figure 6.1). Fault trends and seis-
mic focal mechanisms near the Yellowstone caldera indicate
changes in the directions of crustal stresses associated with the
lithospheric extension concentrated near the Yellowstone Pla-
teau volcanic field (R, B. Smith, 1978; see also Chapter 7 of
this volume).

Geodetic measurements reveal uplift along the axis between
the 2 resurgent domes of the Yellowstone caldera area by more
than 700 mm within the last 50 yr relative to areas outside the
caldera (Pelton and Smith, 1979; see also Chapter 7 of this
volume). Such high uplift rates, which are among the largest
known for continental areas and nearly comparable to some
measured on active volcanoes, may reflect upward movement
of magma in the Yellowstone system.

Various additional geophysical data help define further the
current state of the Yellowstone Plateau magmatic system. Iyer
et al (1981) described an area of anomalous teleseismic P-wave
delays in the Yellowstone caldera and modeled the data to
suggest a 15 percent reduction in P-wave velocities within the
crust and a 5 percent reduction in the upper mantle to depths
of 250 km. An upper-crustal body, which produces relatively
high seismic-wave attenuations and is characterized by a P-
wave velocity of about 5.7 km/sec, underlies the Yellowstone
caldera in the place of a regional layer having a P-wave velocity
of 6.0 km/sec, and areas of even lower seismic velocities and
higher attenuation occur locally within or adjacent to the cal-
dera (Lehman et al, 1982; R. B. Smith et al, 1982; see also
Chapter 7 of this volume). The Yellowstone gravity field shows
a large negative anomaly of 60 mgal over the caldera and its
immediate surroundings (Blank and Gettings, 1974). The pat-
tern of this anomaly is such that it cannot be due solely to low-
density fill in the caldera; a significant part of the anomaly
could be related to a solidified, or even a partially molten, body
of magma at shallow levels in the crust. Aeromagnetic data
have been modeled to suggest depths to the Curie temperature
of about 10 km beneath the Yellowstone Plateau in general and
as shallow as 6 km beneath some areas of the caldera (Bhat-
tacharyya and Leu, 1975). Magnetotelluric surveys suggest that
Yellowstone is underlain at relatively shallow depths by ma-
terials of high electrical conductivity (Stanley et al, 1977).

Taken together, numerous geophysical data delineate an
anomalous crustal and upper-mantle structure beneath Yellow-
stone (see Chapter 7). Low seismic velocities, high attenua-